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Hecke Category , Oriented Tangle Category .
$.\mathrm{R}^{2},\cross[0,\dot{1}]$ arc circle ,
$\mathrm{R}^{2}.\cross[0,1]$ .
$\bullet$ T $=\{(i, 0,0);i=1,2, \ldots, r\}\cup\{(j, \mathrm{o}, 1);j=1,2, \ldots, s\}$ .
$\bullet$ $T$ $\mathrm{R}^{2}\cross 0$ $\mathrm{R}^{2}\cross 1$ .
, m isotopy –
oriented tangle . , .
$r$ , $s$ (oriented) $(r, s)$ -tangle
(Figure 1). , . $(0, \mathrm{O})$-tangle . arc
. arc -1
, 1 , \partial -(T)
+(T) :
$\partial_{-}(T)$ $=$ $\epsilon=(\epsilon_{1}, \epsilon_{2}, \ldots, \epsilon_{r})$ ,
$\partial^{+}(T)$ $=$ $\epsilon’=(\epsilon^{1}, \epsilon^{2}, \ldots, \epsilon.)S$ .
\epsilon +1 $\mathrm{P}\mathrm{o}\mathrm{s}(\epsilon),$ $-1$ $\mathrm{N}\mathrm{e}\mathrm{g}(\epsilon)$ .
$\epsilon$ \epsilon ’ -- , $\mathrm{P}\mathrm{o}\mathrm{s}(\epsilon)-\mathrm{N}\mathrm{e}\mathrm{g}(\epsilon)=^{\mathrm{p}}\mathrm{O}\mathrm{S}(\epsilon)’-$
$\mathrm{N}\mathrm{e}\mathrm{g}(\epsilon)$
’ . $\mathrm{P}_{\mathrm{o}\mathrm{S}(\partial_{-}}(\tau))-\mathrm{N}\mathrm{e}\mathrm{g}(\partial-(\tau))=_{P}$ , $T$ $P$
.
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$.\mathrm{q}$
’Figure 1: Oriented $(r, s)$ -tangle
\partial +(T2) \partial -(Tl)
– , ,
$\tau_{0}$ . , $\tau 1^{oT_{2}}$ (Figure $2(\mathrm{a})$ ).
. $T$ object $\partial_{-}(T)$
, object $\partial^{+}(T)$ morphism , o morphism
, $-$ .
$\mathcal{O}\mathcal{T}A$ . $\mathcal{O}\mathcal{T}\mathcal{A}$ \otimes Figure $22(\mathrm{b})$
. 2 ( $0$ $\otimes$ ) , $\mathcal{O}\mathcal{T}\mathcal{A}$
$[1, 2]$ .
1.1. ([1, 2]) $\mathcal{O}\mathcal{T}A$ gure 3 Figure 4
.
$\mathcal{O}\mathcal{T}A$ C , Figure 5 $\text{ _{ }}\backslash$
, $\mathcal{H}=\mathcal{H}(\mathrm{c};a^{-}, q-1q-)1$ .
, , . $\mathcal{H}$ Figure 4
, .
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$K$ , $A$ $Ob(A)\neq\emptyset$ ( ) . object $x,$ $y\in$
$Ob(A)$ , $x$ $y$ morphism $A(x, y)=Mor_{Ay}(x,)$
. , $A(x, y)$ $K$ morphism $A(y, z)\cross$
$A(x, y)arrow A(x, z)$ bilinear .
$\nu_{\mathrm{c}}\mathrm{t}$ .
2.1. ( ) $\mathrm{F}:Aarrow \mathcal{V}$ . $\alpha\in A(x, y)arrow \mathrm{F}(\alpha)\in \mathcal{V}_{ecb}$
K- , $\mathrm{F}$ A ( ) (representation) .
22 ( ) $\mathrm{F}=(\mathrm{F}, \mathcal{V}=\{V_{x}\})$ $\mathrm{G}=(\mathrm{G}, \mathcal{W}=\{W_{x}\})$
(equivalent) , $\mathrm{F}$ G . , object
$x,$ $y\in Ob(A)$ $x$ $y$ morphism $\alpha\in A(x, y)$ , $\mathrm{G}(\alpha)0\phi_{x}=$
$\phi_{y}\mathrm{o}\mathrm{F}(\alpha)$ K- $\{\phi_{x}\}$ .
23 ( ) $\mathrm{F}=(\mathrm{F}, \mathcal{V})$ $\mathrm{G}=(\mathrm{G}, \mathcal{W})$ A .
object $x,$ $y\in Ob(A)$ $x$ $y$ morphism $\alpha\in A(x, y)$ ,
$\mathrm{G}(\alpha)\circ\iota_{X}=\iota_{y}\mathrm{o}\mathrm{F}(\alpha)$ $K$- {\iota x}. , $\mathrm{G}$ F
(subrepresentation) .
2.4. ( ) $\mathrm{F}(x)=V_{x}$ , $\mathrm{F}$ $A(x, x)$ K-
$\mathrm{F}|_{x}=F_{x}$ : $A(X,x)arrow \mathrm{H}\mathrm{o}\mathrm{m}_{K}(Vx’ Vx)$
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. F $x$ (restriction) .
25 ( ) A object $\{0\}$ , object $x,$ $y$ ,
$A(x, y)$ 0- (zero representation)
O .
26 ( ) F , F O ,
$\mathrm{F}$ , (irreducible) . , 0 .
2.7. ( ) $\{\mathrm{F}_{i}\}=(\mathrm{F}_{i},v_{i}=\{V_{i,x};x\in Ob(A)\})$ $(i\in I)$ A
.. $\cdot$
. object $x\in Ob(A)$ ,
$\sum_{i\in I}\dim Vi,x<\infty$
, $\{\mathrm{F}_{i}\}$ (direct sum) $(\oplus_{i\in I}\mathrm{F}_{i})$ :
$(\oplus_{i\in Ii}\mathrm{F})(X)$ $=$ $\oplus_{i\in I}V_{i},x$ for $x\in Ob(A)$
$(\oplus_{i\in Ii}\mathrm{F})(\alpha)$ $=$ $\oplus_{i\in I}(\mathrm{F}_{i}(\alpha)):\oplus i\in IV_{i,x}arrow\oplus_{i\in I}V_{i},y$
for $x,$ $y\in Ob(A)$ and $\alpha\in A(x, y)$ .
























(3) $x\leq y$ $A(x, y)\neq’\{0\}$ $0\sim eCt$ $x,$ $y\in Ob(A)$ , $A(y, x)\neq$
$\{0\}$ , $1_{x}=\tau_{y}0\tau y$’ morphism $\tau_{y}\in A(y, x)$ $\tau_{y}’\in A(x, y)$
. , $1_{x}$ $A(x, x)$ .





. , $I$ $I^{*}$
.
(Figure 6). ,
, ( , , ) 1
, [1].






$l)[\alpha,\beta];\alpha,\beta$ , $|\alpha|=k-m,$ $|\beta|=\iota-m$}.
A $\Lambda_{k,l}$
$\Lambda=\bigcup_{r=0}\bigcup_{rk+^{\iota}=}\Lambda_{k},\iota=\prod_{=p-\infty k\{=p}\bigcup_{-}\Lambda_{k},\iota$
. $\mathcal{H}=\mathcal{H}(\mathrm{C};a-1, q-q-1)$ $0\neq q\in \mathrm{C}$
1 , 1 $0\neq a\in \mathrm{C}$ $q$ .
,
(1) H .
(2) $\gamma\in\Lambda$ , H P\mbox{\boldmath $\gamma$} . Pl $\mathrm{P}^{\gamma’}$
$(\gamma, \gamma’\in\Lambda)$ \mbox{\boldmath $\gamma$}=\mbox{\boldmath $\gamma$}’ . , H P
, $\mathrm{P}$ P\mbox{\boldmath $\gamma$} $(\gamma\in\Lambda)$ .
(1) , 2.9 , . , (2) P\mbox{\boldmath $\gamma$}
(4 ).
A , $P=k-l=k’$ –l’ ,
$k+l\leq k’+l’$ \Lambda k,l\subset \Lambda k’’l’ .
\mbox{\boldmath $\gamma$}\in A , P\mbox{\boldmath $\gamma$} , $\mathrm{P}\mathrm{o}\mathrm{s}(\epsilon)=k,$ $\mathrm{N}\mathrm{e}\mathrm{g}(\epsilon)=l$ object $\epsilon$
$\mathrm{P}_{\mathrm{o}\mathrm{S}(}\epsilon$ )$’=k’\geq k,$ $\mathrm{N}\mathrm{e}\mathrm{g}(\epsilon)’=l’\geq l$ object $\epsilon’$ $p=k-l$
$T$ \mbox{\boldmath $\gamma$}’ $\in\Lambda_{k’,l’}\backslash \Lambda_{k,l}$ $\mathrm{P}^{\gamma’}(T)$ $0$ , $\gamma’’\in$
$\Lambda_{k’’,l’}’(k^{n}-l’’\neq p)$ P\mbox{\boldmath $\gamma$}’’(T) $0$
.
$L$ , $0$ , ,





, $\mathcal{H}$ $K(a, q)$ , , $\mathrm{C}$
.
H $\{\mathrm{P}^{\gamma}\}$ $L^{\gamma}$ $K(a, q)\Omega(\epsilon)^{\gamma}$ .
$K(a, q)\Omega(\epsilon)^{\gamma}$ tableaux ,
Bratteli Diagram \Gamma , .
tableau Bratteli Diagram $\Gamma_{\epsilon}$ , .
$0$ \mbox{\boldmath $\lambda$} $=(\lambda_{1}\geq\lambda_{2}\cdot\geq\cdots\geq\lambda_{n})$ , $|\lambda|=$
$\lambda_{1}+\lambda_{2}+\cdots$ . \mbox{\boldmath $\lambda$} , $|\lambda|=N$ , $N$ . ,
\mbox{\boldmath $\lambda$} , $\lambda$ $N$ . Figure 7
. , $0$
– , .
\mbox{\boldmath $\lambda$} $0$ , $l(\lambda)$ . \mbox{\boldmath $\lambda$}
\mbox{\boldmath $\lambda$} $(i,j)$ , hook-length $h_{\lambda}(i,j)$
:
$h_{\lambda}(i,j)=\lambda_{i}-j+\lambda_{j}^{*}-\cdot i+1$ .
, \mbox{\boldmath $\lambda$}; \mbox{\boldmath $\lambda$} $.j$ . Figure 7 ,
hook-lengh .
$n$ , 2
\check C. , [3]. \mbox{\boldmath $\gamma$} $=[\lambda, \mu]$
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, Schur $s[\gamma]$ .
$s[ \gamma]=.\frac{\Pi_{(i,j)\in}\mu([a,j-i-l(\lambda)]\Pi r_{-}^{-}1\iota(\lambda)\frac{[a;j-i+\lambda_{r^{-}}r+1]}{[a;j-i+\lambda r-r]})\Pi_{(j)\in}i,\lambda[a,j-i]}{\Pi_{(i,j)\in}\lambda[h_{\lambda}(i,j)]\Pi_{(}i,j)\in\mu[h\mu(i,j)]}.$ .
, $[x;i],$ $[i]$ .
$[x;i]= \frac{x^{-1}q^{i}-xq^{-}i}{q-q^{-1}}$ , $[i]=[1;i]= \frac{q^{i}-q^{-i}}{q-q^{-1}}$ .
$s[\gamma]$ $\mathrm{Q}(q)$ $a$ Laurant .
$K(a, q)\Omega(.\epsilon)^{\gamma}$ tableaux
. $\mathrm{P}\mathrm{o}\mathrm{s}(\epsilon)=k,$ $\mathrm{N}\mathrm{e}\mathrm{g}(\epsilon)=l,$ $\epsilon=(\epsilon_{1}, \epsilon_{2}, \ldots, \epsilon k+\iota)\in Ob(\mathcal{O}\tau A)$ .
$k\ldots+l$ $\{\xi=(\gamma.’\gamma,., \gamma)(1)(2)..(k+l)\}$ : ,
$\gamma^{(0)}=[\emptyset, \emptyset]$ . , \mbox{\boldmath $\gamma$}0) $=[\alpha^{(i)}, \beta^{(}i)](i=1,2, \ldots, k+l)$ \epsilon ’ ,
$\gamma^{(i-1)}=[\alpha^{(i-1}), \beta(i-1)]$ :
(4.1) $\epsilon_{i}=+1$ , $\gamma^{(i-1)}=[\alpha^{(i-1}), \beta(i-1)]\text{ }\alpha(i-1)$ , $\beta^{(i-1)}$
– .
(4.2) $\epsilon_{i}=-1$ , $\gamma^{(i-1)}=[\alpha^{(i-1)},.\beta^{()}i-1]$ $\alpha^{(i-1)}$
$\beta^{(i-1)}$ – .
, $\gamma^{(i-1)}$ $\gamma^{(i)}$ , –
. Figure 8, Figure 9 $n>>1$
, 2
[3]. , $\gamma^{(k+l)}$ =\mbox{\boldmath $\gamma$}
\mbox{\boldmath $\gamma$} \epsilon tableau , tableaux $\Omega(\epsilon)^{\gamma}$ .
$\Omega.(\epsilon)^{\gamma}$ $\Gamma_{\epsilon}$ . $\Gamma_{\epsilon}$ $(k+$
$l+1)$ . $0$ , 1 ,..., $k+l$
. ( $k+l$ ) , $|\mathrm{A}_{k,l}|$ .
$\mathrm{A}_{\mathrm{k},l}$ . - ( $0$ )
, $0$ \mbox{\boldmath $\gamma$}(0)- $=[\emptyset\sim]\in \mathrm{A}_{0,0}$ . i0 , $|\Lambda_{j_{0},k\mathrm{o}}|$





Figure 10: Bratteli Diagram
$k_{0}=|\{\epsilon_{i}<0, i=1,2, \ldots, i_{0}\}|$ . 2
, , 1 , 2
.
$\epsilon$ Bratteli Diagram , $\Gamma_{\epsilon}$
.
J| 4.3. Figure 10 F\epsilon ’ $\epsilon=(+1, -1, +1, -1, +1)\in\Lambda_{3,2}$ Bratteli Diagram
.
Bratteli Diagram $\Gamma_{\epsilon}$ $0$ \mbox{\boldmath $\gamma$}(0) $=[\emptyset, \emptyset]$ \mbox{\boldmath $\gamma$}(k+j) $=\gamma$
tableau . $\Omega(\epsilon)^{\gamma}=\{\xi\}$ $K(a, q)$
.K(a, $q$) $\Omega(\epsilon)^{\gamma}$ , $v_{\xi}$ .
$\mathrm{P}^{\gamma}(\epsilon)$
object $\epsilon$ , $\mathrm{P}^{\gamma}(\epsilon)=K(a, q)\Omega(\epsilon)^{\gamma}$ . , $\mathrm{P}^{\gamma}$
$c^{\gamma}=\{K(a, q)\Omega(\epsilon)^{\gamma}\}_{\epsilon\in \mathit{0}}b(\mathcal{O}\mathcal{T}A)$ .
$\mathrm{P}\mathrm{o}\mathrm{s}(\epsilon)=k,$ $\mathrm{N}\mathrm{e}\mathrm{g}(\epsilon)=l$ , $\gamma\not\in\Lambda_{k,l}$ , $\Omega(\epsilon)^{\gamma}=\emptyset$ , $\mathrm{P}^{\gamma}(\epsilon)=$
$K(a, q)\Omega(\epsilon)^{\gamma}=\{0\}$ .
$\mathrm{P}^{\gamma}(X^{+}(\epsilon;i))$ $\mathrm{P}^{\gamma}(x^{-}(\epsilon;i))$
$\mathrm{P}\mathrm{o}\mathrm{s}(\epsilon)=k,$ $\mathrm{N}\mathrm{e}\mathrm{g}(\epsilon)=l$ , $\gamma\not\in\Lambda_{k,l}$ , $\mathrm{P}^{\gamma}(x-(\epsilon;i))=0$ .
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$\gamma\in \mathrm{A}_{k,l}$ , $X^{+}(\epsilon;i)$ $K(a, q)\Omega(\epsilon)\gamma$
.
$arrow.\cdot$ .
. , $\epsilon_{i}=\epsilon_{i+1}=1$ , ;
,.
$\epsilon=(\epsilon_{1}, \ldots,\epsilon i-1,.+-1, +\iota, \epsilon i+2, \ldots,\epsilon k+l)$
. \mbox{\boldmath $\gamma$} \epsilon tableau
.
$\xi=(\gamma^{()}.,\gamma^{(}-1),$
$\gamma^{(i},\gamma^{(+},\cdot...’.\gamma.=1\text{ _{ } }i)i1)..\cdot..(k+l)..$
.
$\gamma\wedge\vee$ )
, $\gamma^{(i+1)}=[\alpha^{()},\beta^{(+}i\dagger 1i1)]$ , $\gamma^{(i-1)}=-[\alpha^{(i-1}), \beta(i-1)]$ (4.1) 2
3 .
( \mbox{\boldmath $\gamma$}(i-1) $=[\alpha^{(i-1)}, \beta^{()}i-1]$ Figure 8
) $\prec.\cdot$:
(a) \mbox{\boldmath $\gamma$}(i 2 .
(b) $\gamma^{(i-1)}$ 2 .
(c) $\gamma^{(i-1)}$ 2 .
(c) , , Figure 11 \xi
– , $\xi’$ .
, 2 . ( 2





. $\gamma^{(i-1)},$ $\gamma^{(i+1)}$ ,
ri ci , r2+1 $\mathrm{c}_{i+1}$
$d(\xi,i)=(_{C}i+1-ri+1)-(c_{i^{-}}r_{i})$




$a \cdot q\frac{\mathfrak{n}}{d]}v_{\xi d}[+a\cdot\mapsto^{-}d1v_{\xi}’$ ((c) ).
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Figure 11: $\xi$ $\xi’$
, $n$ $(\alpha^{(i-1)}\neq\alpha^{(i+1)}, \beta^{(i-\iota})\neq\beta^{(i+1)}$
) , $q^{n}$ $a^{-1}$ $n$ . , $d=i+n$
$[d]=[i+n]= \frac{q^{in}-+q^{-i-}n}{q-q^{-1}}=\frac{a^{-1}q^{i}-aq^{-}i}{q-q^{-1}}=[a;i]$
.
$\mathrm{P}^{\gamma}(X+(\epsilon;i))$ , $\mathrm{P}^{\gamma}(X^{-}(\epsilon;i))$ $\mathrm{P}^{\gamma}(X+(\epsilon;i))\mathrm{o}\mathrm{p}\gamma(X-(\epsilon;i))=id$
.
$\mathrm{P}^{\gamma}(U_{r}(\epsilon;i))$ $\mathrm{P}^{\gamma}(U\iota(\epsilon;i))$
$\gamma\not\in\Lambda_{k,l}$ , $\mathrm{P}^{\gamma}(U_{r}(\epsilon;i))=0$ (resp. $\mathrm{P}^{\gamma}(U_{l}(\epsilon;i))=0$ ) .
$\gamma\in\Lambda_{k},\iota^{\text{ }\mathrm{t}}$
.
, $U_{r}(\epsilon;i)$ (resp. $U_{l}(\epsilon;i)$ ) P\mbox{\boldmath $\gamma$} $I\{’(a, q)\Omega(\epsilon)^{\gamma}$
$K(a, q)\Omega(\epsilon_{r})^{\gamma}$ (resp. $K(a,$ $q)\Omega(\epsilon l)^{\gamma}$ ) . ,
$\epsilon$ $=$ $(\epsilon_{1}, \ldots, \epsilon_{i}, \epsilon_{i}+1, \ldots, \epsilon k+l)$
$\epsilon_{r}$ $=$ $(\epsilon_{1}, \ldots, \epsilon_{i}, +1, -1, \epsilon i+1, \ldots, \epsilon k+l)$
(resp. $\epsilon_{l}$ $=$ $(\epsilon_{1},$ $\ldots,$ $\epsilon_{i},$ $-1\backslash ,$ $+1,$ $\epsilon_{i+1},$ $\ldots$ , $\epsilon_{k+\iota))}$




, \mbox{\boldmath $\gamma$} \epsilon r (resp. $\epsilon_{l}$ ) tableau \xi ( .
$\xi(j)$ $=$ $(\gamma^{(1)}, \ldots, \gamma(i)=\mu, \lambda(j),\mu, \gamma(i+1), \ldots, \gamma(k+l)=\gamma)$
(resp. $\xi(j)$ $=$ $(\gamma^{(1)..(i)},.,$$\gamma=\mu,$ $\nu(j),$ $\mu,\gamma^{(1}i+),$ $\ldots,$ $\gamma(k+\iota)=\gamma$) $)$
$\{\lambda(j)\}$ (resp. $\{\nu(j)\}$ ) $\alpha$ (resp. $\beta$ ) 1 ,
$\beta$ (resp. $\alpha$ ) 1
(Figure 12). , $\mathrm{P}^{\gamma}(U_{r}(\epsilon;i))$ (resp. $\mathrm{P}^{\gamma}(U\iota(\epsilon;i))$ )
.
$\mathrm{P}^{\gamma}(U_{r}(\epsilon;i))v\xi$ $= \sum_{j}^{P()}v_{\xi}\mu(j)$
(resp. $\mathrm{P}^{\gamma}(U\iota(\epsilon;i))v\xi$ $= \sum_{j}^{p’(\mu)}\frac{s[U(j)]}{s[\mu]}v_{\xi(j)}$ ).
$\mathrm{P}^{\gamma}(\overline{U}_{r}(\epsilon;ir))$ $\mathrm{P}^{\gamma}(\overline{U}\iota(\epsilon l;i))$
$\gamma\not\in\Lambda_{k,l}$ , $\mathrm{P}^{\gamma}(\overline{U}_{r}(\epsilon;i))v\xi$ (resp. $\mathrm{P}^{\gamma}(\overline{U}_{l}(\epsilon;i))v\xi$ ) $0$ .
$\gamma\in\Lambda_{k,l}$
$-$, Ur(\epsilon r; z) (resp. $\overline{U}_{l}(\epsilon_{l};i)$ ) $K(a, q)\Omega(\epsilon_{r})^{\gamma}$ (resp. $K(a,$ $q)\Omega(\epsilon l)^{\gamma}$ )
$K(a, q)\Omega(\hat{\epsilon})\gamma \text{ }$ . . ,
$\epsilon_{r}$ $=$ $(\epsilon_{1}, \ldots, \epsilon_{i-1}, -1, +1,\epsilon i+2, \ldots,\epsilon k+l)$
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Figure 13: $\mathrm{P}^{\gamma}(\overline{U}_{r}(\epsilon;i))$
(resp. $\epsilon_{l}$ $=$ $(\epsilon_{1},$ $\ldots$ , $\epsilon_{i-1},$ $+1,$ $-1,$ $\epsilon_{i+2},$ $\ldots$ , $\epsilon_{k+l})$ )
$\hat{\epsilon}=$ $(\epsilon_{1}, .. . , \epsilon_{i-1}, \epsilon_{i+2}, \ldots, \epsilon_{k+l})$
.
\mbox{\boldmath $\gamma$} \epsilon r (resp. $\epsilon_{l}$ ) tableau
$\xi=(\gamma^{(1)}, \ldots,\gamma=\mathcal{U},\gamma^{(}=\mu,\gamma,.,\gamma=\gamma)(i-1)i)(i+1)..(k+l)$




(resp. $\mathrm{P}^{\gamma}(\overline{U}\iota(\epsilon;i))v_{\xi}$ $=$ $\frac{s[\mu]}{s[\nu]}v_{\hat{\xi}}$ )
. , $\hat{\xi}$ tableau \xi $i$ \mbox{\boldmath $\gamma$}0) $(i+1)$ \mbox{\boldmath $\gamma$}0+1)
\mbox{\boldmath $\gamma$} \epsilon ^ tableau (Figure 13).
P\mbox{\boldmath $\gamma$} (2) .
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